Background: Cellular phones enable communication between healthcare providers and patients for prevention, diagnosis, and treatment of diseases. However, few studies have examined the userfriendliness or effectiveness of cellular phone-based medical informatics (CPBMI) for healthcare. Materials and Methods: This study investigated the use of CPBMI to identify its current status within the medical field, advantages and disadvantages, practicability, clinical effectiveness, costs, and cost-saving potential. Results: CPBMI was validated in terms of practicality and provision of medical benefits. It is critical to use CPBMI in accordance with the different features of each disease and condition. Use of CPBMI is expected to be especially useful for patients with chronic disease. Conclusions: We discussed the current status of the clinical use, benefits, and risks of CPBMI. CPBMI and information technology-based health management tools are anticipated to become useful and effective components of healthcare management in the future.
Introduction
V arious types of chronic diseases such as diabetes mellitus (DM), hypertension, hyperlipidemia, and cardiovascular disease have been the focus of intense research in recent years. 1, 2 Attention to these diseases has increased in tandem with the rapid increase in the elderly population due to improvements in living standards and the development of medical technologies. [3] [4] [5] [6] Despite new developments in various pharmaceutical treatments and health management methods, continued population aging will ultimately result in the increase in public health expenditures, threatening national welfare and medical systems. Therefore, development of solutions by thorough analysis of the problems that must be faced is essential. Recently, telemedicine and ubiquitous healthcare, which have been extensively studied for several years, have received additional attention with the development of biosensors and information technology (IT)-based devices and systems that enable patients to receive healthcare information and services without any restrictions of time and place. Because of these advantages, use of IT-based devices and systems has been proposed as means of reducing medical costs while improving the quality of medical services. In the past, ITbased medical services were only provided temporarily or restricted to use for health management by existing health providers. As the convergence of IT and medical services has increasingly enabled patients to access medical services in the course of their daily lives without time or space limitations, use of biosensors and related forms of medical technology has become a preferred means of delivering healthcare services.
The rapid increase in use of cellular phones in recent years has encouraged the development of significantly advanced health applications. In what has become known as cellular phone-based medical informatics (CPBMI) for healthcare, cellular phone-based personal healthcare tools aimed at prevention, diagnosis, and treatment of diseases are used to enable communication between healthcare providers and patients. Despite their proliferation, few studies have examined the user-friendliness or effectiveness of CPBMI tools or their commercialization potential. It is particularly essential to investigate patient and provider experiences with CPBMI to assist in the effective linking of mobile health and health management services. Before applying a newly developed system to medical practice, evidence-based examination of the practicality and clinical effectiveness of the system and cost-benefit analysis of its potential for commercialization should be conducted. To contribute to the fulfillment of these research needs, this study systematically reviewed the results of previous studies that had investigated the use of CPBMI to identify its current status within the medical field, advantages and disadvantages, practicality, clinical effectiveness, costs, and costsaving potential.
Clinical Evidence of CPBMI

CURRENT CLINICAL USE
A search of Medline for scientific articles published between January 2003 and December 2012 using the search MeSH terms ''cellular phone'' and ''delivery of health care'' was conducted. MeSH terms were used for further detailed description of the search strategy. Among the 136 retrieved articles, 25 were excluded (14 articles did not focus on cellular phone health, 4 were case studies, 3 were not provided with full text, and the remaining 4 were ongoing studies), leaving a total of 111 articles for further analysis. Review of the 111 articles indicated that clinical research into disease management using CPBMI began increasing in 2003 and dramatically increased in 2007, the year in which the smartphone was released, as reflected in the large increase in the number of research articles published since that year. Among all diseases, DM (16 of 111 [14.4%] ) was the most frequently examined disease in the articles, followed by human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS) (14 of 111 [12.6%] ) and asthma (9 of 111 [8.1%]) (Fig. 1A) . From the simple use of short message service (SMS) by medical professionals for providing recommendations to the use of complex smartphone applications, increased access to cellular phones has introduced many options for providing medical feedback to patients. In terms of the relationship between providers and receivers of medical information, the most common issues examined by the articles were the active involvement of medical teams while communicating with patients (85 of (Fig. 1D) . The results revealed that 77.5% (86 of 111) of those using CPBMI found it useful, whereas 4.5% (5 of 111) did not find it to be beneficial (Fig. 1E) . Other CPBMI uses examined included transmission of photographs of injuries by patients to doctors for review and treatment recommendations 7 and reminders regarding appointments by hospitals to patients. 8, 9 Among the services and outcomes examined for various diseases, improvement in medication adherence, keeping hospital appointments, and lifestyle management were the focus of articles investigating the use of CPBMI by HIV/AIDS patients and healthcare providers. [10] [11] [12] [13] Medication adherence and provision of education to enable self-regulation were the focus of articles investigating the use of CPBMI by asthma patients and healthcare providers. [14] [15] [16] [17] Active participation in lifestyle management and the feedback regarding blood glucose levels were mainly discussed in studies of CPBMI in diabetes patients and healthcare providers. [18] [19] [20] [21] [22] [23] [24] Notably, many articles reported the use of CPBMI in enabling lifestyle modification in the treatment of all three diseases, but they described the use of different services in accordance with the characteristics of each disease. Articles that examined the use of CPBMI by diabetes patients and healthcare providers reported that programs with IT infrastructure showed increased effectiveness of management, even with a minimal number of hospital visits.
DIABETES MELLITUS
CPBMI is considered particularly effective in the treatment of DM, one of the most studied diseases, whose management requires adherence to appropriate pharmacotherapy with concurrent management of lifestyle factors, including diet and exercise. In the 16 articles that focused DM, 3 articles had the same design and different study periods 18, 25, 26 ; therefore we selected the latest study. 18 Of the 14 articles that focused on DM, 11 reported the results of clinical trials ( Table 1) , 18-24,27-30 2 suggested systems, 31,32 and 1 explored other issues. 33 Most previous clinical trials of the use of CPBMI in DM management investigated a medical team's use of CPBMI to provide medical information to patients and assess patients' glycated hemoglobin level, an indicator of the average plasma glucose concentration for the previous 3 months. 34 The overall results of these studies indicated that use of CPBMI is an effective means of managing blood glucose levels. Studies suggesting a system evaluated the methods of improving health conditions with lifestyle modifications, such as diet and exercise, by enabling access to patient medical records by medical team members and obtaining medical feedback from patients living in remote areas. The practicality of various DMrelated applications has already been demonstrated. In particular, previous studies have confirmed that the active involvement of medical teams improves the glucose-lowering effects of traditional DM treatments. However, active involvement of medical teams is directly related to increased medical costs; hence, cost-benefit analysis using valid methods should be conducted, along with an analysis of the use of artificial intelligence or clinical decision support systems (CDSSs) for reducing personnel expenses. 35, 36 Among the articles exploring management of blood glucose levels, a greater number examined Web-based tools, compared with those using CPBMI-based tools. One study suggested that use of Web-based tools provides both short-and long-term benefits and that use of a CDSS reduces personnel expenses. 35 As the length of messages using SMS is limited, use of Web-based tools is beneficial in the delivery of large amounts of information. Above all, use of either Web-based or CPBMI-based tools motivates DM patients, particularly those living in rural regions with few specialized hospitals or with limited access due to physical impairment, to participate in DM management and lifestyle modification. Further evidence-based clinical investigation of the effectiveness of CPBMI in DM management needs to be conducted in this direction.
ASTHMA
Of the nine articles that examined the use of CPBMI by asthma patients and healthcare providers, eight were original research articles [14] [15] [16] [17] [37] [38] [39] [40] examining asthma management programs using SMS, and the last was a qualitative study. 41 Of the eight original articles (Table 2) , six investigated the effectiveness of using CPBMI in terms of convenience and self-management, focusing primarily on the use of CPBMI for self-management rather than for the control of asthma and its related adverse effects. Previous studies found that simple use of SMS increased medication compliance, early detection of adverse effects, and management during the course of daily life without the need to visit a hospital. Although the articles reported that use of CPBMI improved the practicability of and ability to engage in selfmanagement, additional research is needed to confirm these findings while considering the economic aspects of CPBMI use. For chronic disease patients, the ability to engage in self-regulation is a critical indicator of successful outcomes. Thus, it is ideal that personnel in the health system take responsibility for monitoring medical outcomes while taking advantage of CPBMI to improve patient selfmanagement of diseases and risk factors. Because CPBMI use is targeted at patients with chronic diseases, most users tend to be of advanced age, with the exception of asthma patients, who tend to be much younger than patients with other chronic diseases. Although younger patients tend to be less averse to using cellular phones and new devices and as a group tend to use cellular phones more actively, their level of interest in and their understanding of their disease and motivation to engage in treatment tend to be significantly higher than those of older patients. Such differences between older and younger patients call for additional large-scale research to identify the proper approach to using CPBMI with each patient age group.
Among the many asthma-related smartphone applications that have emerged in recent years, several are for use during emergency events, such as the sudden occurrence of asthma, whereas others allow mobile measuring devices to be connected to the smartphone to check the patient's condition and transmit the data that will be useful for subsequent procedures. Global positioning systems have also been installed in inhalers to collect geographic data useful to healthcare providers for identifying the areas in which inhalers are most widely used. Overall, the findings reported in the articles focusing on asthma patients and healthcare providers indicate the great potential of smartphone applications in the management of asthma.
HIV/AIDS
Since the introduction of antiretroviral therapy (ART), HIVinfected patients have experienced greatly improved prognosis. 42 Maintaining the effects of ART over long periods requires strict adherence to ART; while irregular adherence is associated with decreased effectiveness, increased drug resistance, and consequential : the percentage of those with glycated hemoglobin (HbA1c) < 8% went from 30.8% to 55.1% in the short message service (SMS) group ( p < 0.007) and from 31.8% to 48.5% in the control group. c Results of Schiel et al. 27 and Curran et al. 29 indicated that use of cellular phone-based medical informatics is an acceptable means of managing blood glucose levels. AI, artificial intelligence; M-U, interaction between medical providers and users; NS, not significant; U-self, users' self-management without interaction with medical providers.
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failure of therapy, high adherence is associated with improved virologic outcomes, reduced virologic failure, and shorter term of hospitalization. 43 Adherence to ART is affected by the interaction between healthcare providers and patients as well as the psychosocial condition of the patient. Hence, increasing the motivation of patients to participate in therapy and adhere to ART are primary concerns of healthcare providers. Therefore, it needs to focus on the majority of CPBMI-based health management programs for HIV patients. Besides promoting adherence to ART, CPBMI-based tools can be used for providing information to and counseling patients living in remote regions or who have limited access to medical services. Successful use of systems alerting patients of the importance of medication adherence and determining intake status via SMS has been reported in many countries, including Kenya 36, 37 and Cameron. 38 In the case of Kenya, one study found that adherence to ART was significantly higher ( p = 0.006) and suppression of viral load was significantly increased ( p = 0.04) in the group with access to SMS use (61.5% and 57.1%, respectively) compared with values in those without access (49.8% and 48.3%, respectively). 11 In addition, counseling via cellular phone was found to increase the level of adherence from 87% to 94% and improve self-efficacy ( p < 0.05). 13 Several studies have demonstrated the practicality of CPBMI use in various aspects of HIV treatment. [44] [45] [46] As a consequence, many investigators have attempted to develop management systems for better outcomes of HIV patients, and scientific evidence of the clinical effects of mobile applications has been reported.
Future Prospects of CPBMI
Based on the results, CPBMI was validated in terms of practicality and provision of medical benefits. Therefore, it is critical to use CPBMI in accordance with the different features of each disease and condition. Lifestyle management appears to be the priority in the use of CPBMI by patients with chronic diseases and their healthcare providers. Use of CPBMI is expected to be especially useful for patients with not only chronic diseases related to unhealthy lifestyles, such as obesity, high blood pressure, and DM, but also for patients from whom biometric data must be consistently collected, such as those who have undergone cardiac surgery or have congestive heart failure or asthma. Use of CPBMI by such patients is anticipated to contribute to the prevention of secondary complications and reduction of medical costs. M-U, interaction between medical providers and users; SMS, short message service; U-self, users' self-management without interaction with medical providers. 
HEALTH MANAGEMENT SYSTEM USING CELLULAR PHONE
TECHNOLOGICAL IMPROVEMENTS
Accuracy of monitoring devices and networks for communication. Close and constant cooperation between patients and healthcare providers is key to chronic disease management. 47 Comprehensive biometric information collected during the course of a patient's daily life needs to be reliably transferred to healthcare providers to enable ongoing monitoring of the patient's condition and prompt identification of a worsening prognostic condition that requires early intervention and secondary prevention. To accomplish these outcomes, sensing devices and networks must be able to collect accurate data in a reliable manner.
Comfort and convenience of using devices. As patients with chronic diseases tend to be of advanced age, many are likely to experience difficulty adapting to a new device. This fact presents a major challenge, as the patient level of satisfaction in using devices directly determines patient compliance with their use. 48 Hence, cellular phones that are simple and convenient for use by older patients must be designed. Fortunately, most studies have found that the study participants adapted well to the devices investigated. 22, 23, 30 Recent developments in smartphones and networks for communication are expected to contribute to the increased use of CPBMI, which in turn is expected to increase the release of mobile medical applications. To promote the stability and reliability of mobile medical applications, assessment criteria should be defined, and official guidelines should be provided for smartphone applications.
MEDICAL IMPROVEMENT
Need for clinical evidence. Although previous studies have proved the practicality of CPBMI use, its actual medical effectiveness has not yet been established, and clinical evidence of its effectiveness is limited. Appropriate application of CPBMI to medical fields requires collection of large-scale, research-based evidence of its clinical effectiveness. Substantial reviews need to be focused on investigating the effectiveness of CPBMI. A potential confounding factor in this finding is that due to the nature of chronic diseases, simply providing encouragement to patients with these diseases may itself provide beneficial effects for CPBMI users. In other words, the beneficial effects of CPBMI may be attributable to its use to provide reminders to patients, rather than the actual use of CPBMI by these patients. However, using CPBMI for providing reminders and motivating patients was found to have similar beneficial effects, a finding that will assist in the formulation of public health strategies for improving chronic disease management and healthcare services.
Need for economic analysis. Commercialization of CPBMI requires analysis of its cost-effectiveness and assessment of its practicability and clinical benefits. The pricing of devices and applications, which will be one of the most important factors in user motivation, is anticipated to increase with the inclusion of personalized medical feedback systems within CPBMI programs. Because increased costs are a burden to not only patients but also medical teams, a compromise between CPBMI use and other alternative strategies must be sought. If saving time for doctors' feedback and providing guidelines properly inferred through a CDSS or artificial intelligence program 35 can be utilized, it will consequently reduce medical costs, which are a significant factor in CPBMI.
Need for research on CDSS. The development of labor-saving autoregulation programs adaptable to each situation is also expected to prevent increases in medical expenses. 35, 36 After various data such as medical and family history, physical and clinical characteristics, and blood test results have been entered into them, autofeedback programs can be used to analyze the data and show diagnostic results, recommend additional tests, validate decisions, and automatically refine artificial intelligence models. To address cases in which additional information is entered or required, the means of providing feedback should be developed. Such systems could be a vital part of prevention-oriented healthcare systems aimed at identifying those at risk of developing diabetes, hypertension, and cardiovascular diseases.
Need for research into health-coordinating centers. In current healthcare systems, medical teams lack experience regarding the use of IT-based tools other than the automated prescription systems available in many hospitals. These teams must learn to use CPBMI, medical devices, and networks as part of a supportive system, as well as to provide medical feedback. The participation of medical professionals in specialized health-coordinating centers is essential to provide medical feedback effectively without discomfort to users. 49 Such professionals would be responsible for responding in real time to users' requests in a specialized center that can meet their needs even when they are away from the hospital setting. To obtain successful outcomes, medical teams must collaborate with various professionals in the use of CPBMI, telecommunication devices, and other IT tools.
USER IMPROVEMENTS
Although familiar with in-hospital medical care, patients are relatively less experienced and confident with using CPBMI. Hence, promoting patients' active and voluntary participation is very important. Besides interaction between medical providers and patients, communication among chronic disease patients is also important. Building a community among patients with the same chronic diseases and symptoms who visit the same hospital by allowing them to connect easily will yield good medical outcomes, which is the ultimate goal of CPBMI.
Conclusions
The goal of health management has transitioned from providing effective diagnosis and treatment of diseases to preventing diseases via lifestyle modifications. Meeting this new goal requires management of health and disease not only while patients are visiting the hospital but also while they are proceeding through their daily routines and are away from the hospital. Such lifestyle management will require the introduction of new medical tools, among which CPBMIbased tools appear particularly promising and important. As discussed in this article, lifestyle management is an essential component in the management of patients with chronic diseases, including HIV infection, DM, and asthma, which are either very difficult or impossible to cure. Although their potential has only begun to be investigated and much more research must be conducted into device development and use, CPBMI and IT-based health management tools are anticipated to become useful and effective components of healthcare management in the future.
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